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A CrossMark 


In this paper, we study Smarandache curves in the 4-dimensional Galilean space G4. We obtain Frenet- 
Serret invariants for the Smarandache curve in G4. The first, second and third curvature of Smarandache 
curve are calculated. These values depending upon the first, second and third curvature of the given 
curve. Examples will be illustrated. 


Copyright 2016, Egyptian Mathematical Society. Production and hosting by Elsevier B.V. 


2010 MSC: 
Primary 53A35 
Secondary 51A05 


Keywords: 

Galilean 4-space 
Smarandache curve 
Frenent 

Frame 


1. Introduction 


Galilean space is the space of the Galilean Relativity. For more 
about Galilean space and pseudo Galilean space may be found 
in [1-3] 

The geometry of the Galilean Relativity acts like a bridge from 
Euclidean geometry to special Relativity. The geometry of curves 
in Euclidean space have been developed a long time ago [4]. In 
recent years, mathematicians have begun to investigate curves and 
surfaces in Galilean space [5]. 

Galilean space is one of the Cayley-Klein spaces. Smarandache 
curves have been investigated by some differential geometers 
such as H.S. Abdelaziz, M. Khalifa and Ahmad T. Ali [6]. In this 
paper, we study Smarandache curve in 4-dimensional Galilean 
space Gy and characterize such curves in terms of their curvature 
functions. 


2. Preliminaries 


The three-dimensional Galilean space G3, is the Cayley-Klein 
Space equipped with the projective metric of signature (0, 0, +, +). 
The absolute of the Galilean geometry is an ordered triple 
(œ, f, D where œ is the ideal (absolute) plane, f is a line in w 
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(absolute line) and I is elliptic involution point (0,0, x ,x3) > 
(0, 0, X3, —X7). 

A plane is called Euclidean if it contains f , otherwise it is called 
isotropic or, i.e. planes x = const. are Euclidean, and so is the plane 
w . A vector u = (u4, U2, U3) is said to be non-isotropic vector if 
u, Æ 0. all unit non-isotropic vectors are of the form u= 
(1, u2, u3). For isotropic vectors u4 = 0 holds. 

In the Galilean space G3 there are four classes of lines [|7]: 


1. The (proper) isotropic lines that don’t belong to the plane w 
but meet the absolute line f. 

2. The (proper) non-isotropic lines they don’t meet the absolute 
line f. 

3. a proper non-isotropic lines all lines of œw but f. 

. The absolute line f. 


IN 


Let X = (x1, X2, X3, X4) and Y = (y1,¥2,y3,y4) be two vectors 
in G4. The Galilean scalar product in G4 can be written as 


if x; 40 and yı 40 


>>, — fry 
a= | if x; =0 or y; =0 


X2Y2 + X33 + X44 


The norm of the vector X = (X1, X2, X3, X4) is defined by 


Ele rears, 
G4 as 
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The Galilean cross product of the vectors x, y, z on Gy, is defined 
—> 
Z 


0 e2 e3 e4 
X1 X2 X3 X4 
yı Y2 Y3 Y4 
Z1 Z2 Z3 Z4 
e1 e2 e3 e4 
X1 X2 X3 X4 
yı Y2 Y3 Ya 
Z 22 ZBZ 74 


if xı #0 ory; #0 orz, #0 


if X= yi =Z =O 


where e; = (1,0,0,0), e2 = (0,1,0,0), e3 = (0,0,1,0), and e4 = 
(0,0,0,1) 

The Galilean Gy, studies all properties invariant under motions 
of objects in space is even more complex. In addition, it stated 
this geometry can described more precisely as the study of those 
properties of 4D space with coordinate which are invariant under 
general Galilean transformation as follows [8]. 

x’ = (cos B cosa — cos y sin f sin œ )x 
+ (sin B cosa — cos y cos p sina)y 
+ (sin y sing )z + (v cos 6;)t +a 

y’ = — (cos f sina + cos y sin B cos œ )x 
+ (— sin f sina + cos y cos p cos æ )y 
+ (sin y cos æ )z + (v cos ô2)t + b 

z’ = (sin y sin B)x — (sin y cos B)y 
+ (cos y )Z + (v cos ô3)t + c 

t =t+d 

with cos? ô4 + cos? ô> + cos? 53 = 1. 

A curve a: I > G3 of C% , ICR in the Galilean G, is defined 
by a(s) = (s, y(S), Z(S), w(s)) where the curve œ is parameterized 


by the Galilean invariant arc-length. The first Frenet-Serret frame , 
that is, the tangent vector of a(s) in G3, is defined by 


t(s) = œ’ (s) = (1, y' (s), Z’ (s), w' (s)) (2.1) 
The second vector of the Frenet-Serret frame , that is called, the 
principle normal of a(s) is defined by n(s). 
1 tos 1 
ky (s) (s) = kı (s) 


The third vector of the Frenet-Serret frame , that is called, the 
first binormal vector of is defined by 


1 yrs) (ZO) (wis) 
19) = BG) [o (i 3) : (i 3) : (x G ) ) i 


Thus the vector b;(s) is perpendicular to both t(s) and n(s). 
The second binormal vector of a(s) which is the fourth vector 
of the Frenet-Serret frame is defined by b9(s). 


bə (s) = t(s) x n(s) x by (S) (2.4) 








n(s) = (0, y” (s), Z” (s), w” (S)) (2.2) 











where kj(s), k2(s) and k3(s) are the first, second and third curvature 
functions of the curve a(s) which are defined by 


kı (s) = COl, = y O" (S)P + (2"(s))* + w" (s))}? 
kə (s) = In'(s) |, = y (n', n')G, 


k3 (s) = (bj (s), b2(s)}c, 


If the curvature k,(s), kə(s) and k3(s) are constants, then the 
curve a(s) is called W-curve. The set {t(s), n(s), by(s), bo(s), ky(s), 
k>(s), k3(s)} is called the Frenet-Serret pparatus of the curve a. 


The vectors {t(s), n(s), b,(s), bo(s)} are mutually orthogonal 
vectors 
(t(s), t(S))c, = (n(s), n(s))c, = (bi (s), bi (S))c, 
= (ba(S), b2(S))c, = 1 


and 


(t(s), N(S))c, = (t(s), bi (S))c, = (t(s), ba(S))c, 
= (n(s), bi (s))c, = (n(s), b2(S))c, 
= (bı (s), bo(s))c, = 0 
The derivatives of the Frenet-Serret equations are defined as in 
[9]. 
t'(s) = kı (s)n(s) 
n' (s) = k2(s)bı (s) 
bi (s) = —k2(s)n(s) + k3(s)by (s) 
b3 (s) = —k3(s)bı (s) 


3. tb) Smarandache curves in G4 


Definition 1. A curve in G4, whose position vector is obtained 
by Frenet frame vectors on another curve, is called Smarandache 
curve. 


Let us define special forms of Smarandache curves. 


Definition 2. Let a(s) be a unit speed curve in G4 with constant 
curvatures k4, kə and k3 and {t(s), n(s), b4(s), b2(s)} be Frenet frame 
on it. The tb Smarandache curves are defined by 


1 
P (sg (s)) = ga + b2 (s)) 


Theorem 1. Let æ = æ (s) be a unit speed curve with constant cur- 
vatures k,(s), k2(s) and k3(s) and B(sp(s)) be tb, Smarandache curve 
defined by frame vectors of a(s), then 


kın — k3b, 


Jkt +k? 


kak3n + ky kb, — k3b2 


tg(sg(s)) = 


Ng (Sg(s)) = 
ids kók? + k2ks + k 


(—ky kon + ka (kő + kS)by + ky kgk3b2) 
Vki + ko / kók + ERS + kG 
ky ks (kêkž + k3 — k3ke)t 
k5 + ko / k? + ko (ko KS + k2k3 + k$) 
V2.) kok + k?k2 + k4 
k? + k2 
V2,/k3 + k? 
Jk? + ke 


big (Sg(s)) = 


bzg (Sg(s)) = 


kip (sg (S)) = 


kop (Sp(S)) = 


k36 (sg (s)) = 0 


Proof. Let 6 = P (sg (s)) be a tb) Smarandache curve of the curve 


o(s). Then 
B = Bel) = CS) + b26) 
Bopa e eae a -e CO +b) 
-— kn — kzb;) 
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kın — k3b, 


tg = B (sp) = 7 (3.1) 


ee 
ki + ks 
ds [k? +k2 
asg _ yo 13 
where =~ = 5 


s V2(kin’ — k3b/) 
P (Sg) = —— = —,—, 
ki + kg 


7 aie + ki koby — k3b2) 
7 kt + k 


V2) KEKE + kêk + kG 








l = |t; = 3.2 
k1p (Sg) | 3 (Sp)| +R (3.2) 
Now 
nee P` (sg) — kakan + kyk2by — kĉb» 
ee Esp) K2k2 + 22 + k4 
J2(—ky kon + k3 (k2 + k2)by + kık2k3b2) 
ngle) = oa G3) 
Ka KS4/K5k5 + kįk5 + k3 
p22 
kag (Sg) = Ins (sp) |o, = [ties 1s) ce = 2 VA (3.4) 
yk? +k? 
Hence we can find 
ng(sg)  (=kikžn + kg (k2 + k2)bı + kık2k3b2) 
big (sg) = 7 = 35) 
2p (Sg) Jk + k? kèk? + k?k? + kê 
bzg (Sg) = te (Sg) x ng (Sg) x big (Sg) 
7 (k?k3k3 + ky ko — ky k3k3 )t 
k5 + kB / k? + ko (kók? + 2 k3 + kG) 
= ct where ct is constant (3.6) 
So we can deduce that 
k3p (Sg) = (D1, (Sp), bog (Sg))c, = 9 (3.7) 


and the proof is complete. O 


4. nb,Smarandache curves in G, 


Definition 3. Let a(s) be a unit speed curve in G4 with constant 
curvatures k,(s), ko(s), k3(s) and {t(s), n(s), by(s), bo(s)} be Frenet 
frame on it. The nb,;Smarandache curves in G4 are defined by 


B(sg(s)) = 45 (n(s) + by (S)) 


Theorem 2. Let œ = a(s) be a unit speed curve in G4 with constant 
curvatures k,(s), k>(s) and k3(s). Then the Smarandache nb, curves of 


a(s) has bzg (sg) = 0. 
Proof. Let 6 = P (sg (s)) be a nb,Smarandache curve of œ(s). Then 








B = B (s6 (5)) = nls) +b,(s)) 
d 
pep = FEP = Ea) +6) 
7 Sy fob: + Clon+ bib) 
ds 1 
=f = Fa 2k + kå 
tg = oe -6 (s 54) = _ —kən + kob, + k3b 


y 2k3 + k2 


-kən + kəb + k3b> 


tg = P (Sg) = 
p= Pp J 2k3 + k 
dB (sp (s)) 1 
tn’ + kabi + kbs] (4.1) 
ds e+e 
B (Sg) [—k3n — (ko + k3)by + k2k3b2] 
nae) =r = Ia (4.2) 
|B (sp)| S +K) +k) 
A= V2,/(k3 + k2) [kon — kab, — k3b2] 
eee (2k2 + k2) 
In (sp)! _ V2,./(k3 + k2) 
fe (2k2 + k2) 
J2./ (k2 + k2 
ko (Sg(S)) = les Gr kee (4.3) 
BB 3 
(2k5 + k$) 
From the second Frenet Serret equations we have 
n (s8) kon — kyby —k3b 
BB 2M — K201 — k3D2 
"eere JOR aE) 
26 \SB (2k5 + k5) 
db1, (Sg) _ kan + (kê +k3)b, — kok3bo 
ds (2k2 + k2) 
dbig(sg) — V2[k5n + (kj + k3)n — k2k3b2] (4.4) 
dsg 7 (2k5 + kê) 


bzg (Sg) = tg (Sg) x Ng(Sg) x big (Sg) 
_ akan + kəb; + kzb2 7 [—k3n — (ko + k2)by + kz2k3b2] 
JIR + ke (k2 + k2),/(2k2 + k2) 
: [kon — kab, — k3b2] 
(2k5 + kê) 
= Ot + On + Ob; + Ob2 (4.5) 
and the proof is complete. O 
Definition 4. Let œ = œ (s) be a curve in Galilean space G4 and 


{t(s), n(s), by(s), bo(s)} be its moving Frenet frame . The tnb,b> 
Smarandache curves are defined as 


B(sp(s)) = Gt) +n(s) + bi (s) + b9(s)) 


Remark 1. The Frenet- Serret invariants of tnb,;bj, Smarandache 
curves can easily obtained by the apparatus of the curve œ = g (s). 


(4.6) 


Remark 
such as 
tby, tn, nbo, bb», tnbı, tnb>, tb, b>, nb, bo. 


2. There are another types of Smarandache curves in G3 


Example 1. Let us consider the following curve IC RC G4 


a = æ (s) = (s, sins, V2 coss, sins) (4.7) 
Differentiating (4.7) we have 

a’(s) = (1, coss, —V2 sins, coss) (4.8) 
The Galilean inner product follows that (a@’,a’)c¢, = 1 . So the 


curve is parameterized by arc length and the tangent vector is 
(4.8). In order to calculate the first curvature let us express 


t’(s) = (0, —sins, -V2 coss, —sins) 
Taking the norm of both sides, we have k;(s) = V2. 
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The principal normal n(s) becomes 


n(s) = = (0, —sins, —V2coss, —sins) (4.9) 


One more differentiating of (4.9), we have 


n'(s) = -= (0, — coss, v2 sins, — cos s) 


By using n’(s) we have the second curvature kj(s) = 1 and the 
first binormal vector 


1 
bı (s) = — (0, —coss, V2sins, — cos s 4.10 
1 (S) 7! ) (4.10) 
The second binormal vector bz(s) = t(s) x n(s)x b,(s) 
1 
b2(s) = — (0, —1, 0, 1 4.11 
2 (s) a ) (4.11) 


We can obtain easily the third curvature of the curve k3(s) = 0. 
The tb Smarandache curve of the curve a(s) is the curve 


B(sa(s)) 
B(sg(s)) = (14, coss— +, —2sins coss + t 
B J2 ? 2’ ’ J2 


By using Theorem (1) above we can obtain easily the Frenet- 
Serret apparatus of the curve B(sp(s)). 


o 


tg F (0, — sins, —V2 coss, — sins) (4.12) 
1 ; 

ng = Fi (0, —coss, /2 sins, — coss) (4.13) 

kig=1 (4.14) 

kop = 1 (4.15) 


1 
b,. = — (0, sins, v2 coss, sins 4.16 
18 a ) (4.16) 
bog = (0,0,0, 0) (4.17) 
kg = 0 (4.18) 


In the same way we can obtain the nb,;Smarandache curve 
and its Frenet-Serret apparatus by using (4.1 ),(4.2).(4.3),(4.4),(4.5) 
of Theorem 2. 
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